INTRODUCTION
HUMAN populations are usually considered to be composed of many subpopulations, within each of which random mating takes place approximately. These subpopulations have been called isolates (Wahiund, 1928) or neighbourhoods (Wright, 1943) . As shown by Wright (1943) , this type of mating structure necessarily leads to a local differentiation of gene frequencies, even if there are no local differences of selection intensity for the genes. If such exist, the differentiation of gene frequencies may be further enhanced.
Blood groups in man are favourable traits for the study of genetic structure of populations, since they are typical polymorphic characters and the gene frequencies are easily estimated. Thus, CavaIliSforza (5959, 1963 ) studied the local variation of various blood group gene frequencies in a region of Italy and attempted to estimate the effective population size of the region.
In this paper we will examine the degree of local differentiation of the ABO and MN blood group gene frequencies in Japan and analyse the possible causes of the differentiation using the method described by Nei (1965) . The bearings of these results on the genetic structure of the Japan se population will also be discussed.
BLOOD GROUP FREQUENCY DATA
The Japanese have long inhabited the three major islands of Honshu, Kyushu and Shikoku, as well as other small islands surrounding them. Another major island, Hokkaido, has been inhabited by the Japanese only recently. History indicates that only a small proportion of people have immigrated into or emigrated from Japan at least for these 2000 years. Thus, the Japanese population appears to be suitable for the study of population structure. The present inhabitants of Hokkaido are a mixture of people from various regions of Japan, so that the data on them were not used in this analysis. The data for the Ryuku islands also were omitted because of the possible intermarriage with other ethnic groups. So too were those for the nearby Tanegashima island (Kagoshima Prefecture).
In a recent survey of the ABO blood group data, Tanaka (5959) compiled more than one million observations, but his compilation includes some 300,000 unpublished observations as well as the data on the Japanese people living outside Japan.
The final data were divided into 45 different groups or subpopulations (table i). The groups correspond to the 45 different Prefectures-administrative units ofJapan (fig. i). As seen from this figure, the area is not the same for all Prefectures but the population size in 1900-45, during which the majority of tested individuals were born, was nearly the same (ca. o P62.0 millions) for all Prefectures save for several urban districts such as Tokyo and Osaka. In view of the population movement before and during x 900-45, the unit of random mating group appears to be much smaller than Prefectures and thus each Prefecture is considered to comprise many neighbourhoods. 9 Gumma . .
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3P06 3783 22 () The simultaneous estimation of gene frequencies and inbreeding coefficient from the total frequencies of 0, A, B and AB blood groups for all Prefectures gives a positive value for the estimate of inbreeding coefficient (see below).
If the inbreeding within Prefectures is a significant factor, then the simultaneous estimation of gene frequencies and inbreeding coefficient for each Prefecture is desired (cf. Schull et al., 1962) . This simultaneous estimation is, however, very sensitive to other factors, and the inbreeding within Prefectures appears to be small, so that no account was made of the inbreeding in the estimation of gene frequencies. with 88 degrees of freedom, thus indicating a highly significant differentiation of gene frequencies among Prefectures. Partition of the x2 showed that this differentiation has occurred for every gene frequency. Accordingly, these gene frequency data were subjected to the genetic analysis described by Nei (1965) .
In practice any gene frequency is estimated from a sample of finite size, thus being subject to sampling variation. Ifp is the true frequency of gene JA in a subpopulation and 8p is the sampling deviation of the observed (p0) from the true value, then the variance of observed gene frequency among subpopulations is given by = a +4, where o is the variance of true value and cr the sampling variance. The value of 4 for a sample or subpopulation is obtained by:
where q and 'are the elements of the information matrix for the estimates of p and q. The sampling variance 4 is a function of p, q and the number of observations, n, but in this case a, is determined almost exclusively by n, since p and q do not vary so widely. Hence, an approximate formula for 4, which depends only on n, was derived, using the weighted means of p and q as given in table .
The formula obtained is 4 = oxi867/n. of fsr suggests that the differentiation of ABO blood group gene frequencies has occurred largely at random (cf. Nei, 1965) .
The randomness of differentiation can be tested by another method, i.e. by the comparison of the observed with the expected correlations between gene frequencies (Nei, 1965) If differentiation occurs at random by means of genetic drift, the gene frequencies of close localities tend to be more alike than those of As mentioned previously, the unit of locality employed in this investigation is Prefecture, which possibly includes many neighbourhoods, and these neighbourhoods correspond to the colonies of Kimura and Weiss (8964), disregarding the apparent continuous distribution. Further, the area or population size is not the same for all Prefectures.
Thus, the fitting of stepping stone model is only an approximation and no exact fitting of the mathematical model developed by Kimura and Weiss (1964) will be attempted here. The distance between two localities may be measured by the number of steps or intervening colonies as was theoretically studied by Kimura and Weiss (1964) or by the total length of roads connecting the two localities. In this investigation the distance was measured by the number of intervening localities plus unity. When there were many ways of counting the intervening localities, the smallest number was used. The number of 0.30 .
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• Two kinds of correlation were computed to measure the similarity of gene frequencies. One is that which looks like the so-called intraclass correlation and obtained as follows: and N is the number of locality pairs. The correlation coefficients obtained are graphically presented in fig. 3 . This figure shows that the correlation for gene JA decreases gradually with increasing distance until around 5 units of distance, as is theoretically expected. Thereafter, however, the correlation increases in the negative direction. A similar but less obvious trend is also observed for genes JB and J0 A detailed examination revealed that these unexpected correlations for high units of distance are due to the symmetrical property of the correlation used interacting with the dine of gene frequencies, which will be considered in the next section This situation can be seen from figs. 4 and 5, in which the correlations for i and 9 units of distance are shown. In order to remove the artifact negative correlation, another type of correlation, i.e. the ordinary correlation between x and .y was computed. The results obtained are given also in fig. 3 . It is seen from this figure that the correlation of the gene frequencies between two localities tends to decrease with increasing distance for any of the respectively, where X represents the distance units. The regression coefficient for JA is significant at the r per cent. level. These results suggest that the differentiation of ABO blood group gene frequencies has occurred nearly at random.
(Iv) Cline of gene frequencies So far the analysis has suggested that the differentiation of the ABO blood group gene frequencies has occurred nearly at random. However, early workers such as Furuhata (1933) , Kobayashi (1940) and Tanaka (i) have noted that the frequency of the gene JA is higher in the south-western part of Japan than in the north-eastern part, while the frequency 0fJB is reciprocally distributed. Thus, a quantitative study was carried out on the dine of gene frequencies.
Geographically, Japan is a long country from north-east to southwest, the people thus being distributed semi-linearly. In this investigation this semi-linear distribution was regarded as a linear one and the It is seen from these figures that the frequency of gene IA shows a typical dine from north to south. The correlation coefficient between the distance and p is o783, the linear regression coefficient of p on the distance (rooo km.) being 00243±00029. The dines of frequencies of the genes JB and P are less typical, though the correlation coefficients between the distance and q and r are -0.416 and -o48o respectively, which are both significant at the z per cent. level. The regression coefficients of q and r on the distance are -o OO93 0 0042 respectively. As mentioned previously, Japan is a long country from north-east to south-west. So, one might have the idea that the apparent correlation between the gene frequencies and the distance from Aomori is due to the primary correlation between the gene frequencies and latitude. In practice, the correlations between the latitude and p, q and rare -0753, o428 and o'442 respectively. Thus, this possibility cannot be excluded.
As will be discussed later, the dine of gene frequency may arise by two factors, i.e. the local differences in selection intensity and the mixture of two races. If the dine is caused by the former, it indicates that the differentiation of gene frequencies has not occurred completely at random. Further, the fact that p is positively correlated with the distance while q and r are negatively correlated suggests that the selection determining the dine has operated as if there were two alleles, i.e. JA versus JO and JB• A more elaborate analysis of this dine is now in progress.
ANALYSIS OF DATA ON THE MN BLOOD GROUPS
The analysis of data on the MN blood groups is much simpler than that of data on the ABO blood groups, since there are only two alleles concerned and all the genotypes can be identified phenotypically. The gene frequency and inbreeding coefficient or deviation from Hardy-Weinberg equilibrium can easily be estimated by the maximum likelihood method. The estimates of the m gene frequency (p) and inbreeding coefficient (fs) from 21 Prefectures are given in table 3. The mean of gene frequency weighted for the number of observations is obtained to be 05433. The gene frequency of Aomori Prefecture is considerably deviated from the mean. This deviation may be due to some technical error in diagnosis. The high value of 2 for this Prefecture also indicates the possibility of technical error. Some of the estimates of inbreeding coefficient are negative, which must have arisen either by sampling error or the real excess of heterozygotes. X2-test has shown that 3 out of the io negative estimates cannot be accounted for by sampling error alone at the i per cent. level of significance (table 3 ). It appears that there is some mechanism causing the excess of heterozygotes, such as overdominance.
At any rate, the mean offs weighted for the number of observations is 00021, if the datum of Aomori is included, and -ooo2I, if this is excluded. These values are too small to be used for an estimate of inbreeding coefficient within Prefectures concerning neutral genes, for even the inbreeding coefficient estimated from the frequencies of consanguineous marriages amounts to about 03-o-4 per cent. in middle-sized cities ofJapan (Schull, 1958; Tanaka, 1963) . The small or negative value of fs may again be due to the existence of some mechanism causing the excess of MN heterozygotes.
The genetic and sampling variances of gene frequency were obtained in two ways, i.e. including and excluding the datum of Aomori, by the same principle as that of the ABO blood groups. The results obtained are shown in table 7. The x2 for the heterogeneity of If the datum of Aomori is excluded, the heterogeneity x2 becomes 999 with 19 degrees of freedom, which is again statistically significant at the i per cent. level.
The inbreeding coefficient measuring the differentiation is o-0012 if the datum of Aomori is included, and o-ooo84 if this is excluded. The former is about two times larger than the value obtained from the ABO blood group data, whereas the latter is almost identical with this. The total inbreeding in Japan can be estimated by (i -fr) = (I -fsr)(' -fs) though no correction is made for the local variation in population size (Wright, 1943) . Using fs = 0-0021, we have fT = 0-0033, whereas fs = -0002i gives fT = -00012. The value of fri, can also be estimated from the total frequencies of M, MN and N blood groups. This estimate becomes 0-0034 if all data are used and -o-ooi i if the datum of Aomori is excluded, thus both agreeing with the former estimates.
In order to see whether the differentiation observed has occurred at random or not, the correlation of the gene frequencies between two in pair, though the correlation is subject to a large sampling error because of the small number of Prefectures employed. Further, the examination of the relation between geographical location and gene frequency has indicated that there is no dine in the m gene frequency.
DISCUSSION
Examining the departure of the MN blood group frequencies from the Hardy-Weinberg equilibrium in 55 different samples obtained from various parts of the world, Taylor and Prior (r 939) found that the departure was statistically significant at the i per cent, level in eight samples (12•7 per cent.). They attributed these departures to the technical errors in diagnosis, indicating that the technical errors occur in both positive and negative directions. The same pattern of departures from the Hardy-Weinberg equilibrium has been observed also in our analysis of the MN blood groups. These departures, however, need not all be attributed to the technical errors. If a sample is taken from a random mating group and there is overdominance operating in the fcetal and childhood stages, as was suggested by Morton and Chung the frequency of MN heterozygotes is expected to be higher than the Hardy-Weinberg frequency. On the other hand, if a sample is taken from a large population divided into many subpopulations, the frequency of MN heterozygotes could be smaller than the Hardy-Weinberg equilibrium. If these two kinds of samples are mixed, the total frequency might well agree with the Hardy-Weinberg expectation, as in the case of Taylor and Prior (i).
A similar situation may occur also for the ABO blood groups. Nevertheless, the possibility of the effect of technical errors cannot be excluded completely, especially when the data of many workers are compiled. Different workers may have different techniques for blood group typing, thus their data deviating in different directions.
In our case the data on the ABO blood groups are taken from 340 different reports, while the data on the MN blood groups are from 43 different reports, though many of them were obtained by Dr T.
Furuhata and his school. There is, however, one study in which the ABO blood group frequencies are obtained for all Prefectures with use of moderately large samples. This is the study on the Japanese Army (the data were reported by Kobayashi (1940) sets of data are 05445, 03315 and o3254 respectively, which are all statistically significant. Thus, it seems that a large fraction of the variability in the ABO blood group gene frequencies is ascribed to the local differentiation. Note that the correlations between the two sets of data cannot be very high, because the gene frequencies have been estimated from samples of finite size and the two samples for a Prefecture have not necessarily been taken from the same area within the Prefecture.
There are no data for the MN blood groups which can be analysed in the same way as in the case of ABO blood groups. However, as it is likely that the same worker is subject to the same type of technical errors, the significant heterogeneity of gene frequency among Prefectures, for the data obtained by the same worker, would indicate the real differentiation of gene frequency. In order to test this point five samples obtained by Dr H. Kobayashi and his co-workers were subjected to 2-analysis. The sample size and gene frequency estimates are given in table 8. The heterogeneity x2 for these samples is obtained to be i88 with 4 degrees of freedom, which is highly significant.
This indicates that the differentiation of gene frequency observed for the MN blood groups cannot all be ascribed to technical errors.
In a population divided into many random mating subpopulations the frequency of heterozygotes for a locus decreases by the amount equal to twice the variance of gene frequency among subpopulations compared with that of a single random mating population, provided that there is no disturbance due to gametic or zygotic selection (Wahlund, 1928) . If, however, there is some mechanism causing the excess of heterozygotes, the effect of subdivisions may be diluted and in an extreme case the inbreeding coefficient in the total population (fT) may become negative as in the case of MN blood groups. This negative estimate of inbreeding coefficient does not necessarily indicate that there is no differentiation among subpopulations, since even under the effect of overdominance or other similar agencies the gene frequencies are differentiated among subpopulations unless the effective population size is infinitely large.
As shown in table 3, the value of x2 for the departure of the total ABO blood group frequencies from the Hardy-Weinberg equilibrium is statistically significant. Thus, the simultaneous estimation of gene frequencies and inbreeding coefficient (fT) was undertaken by the Such a large value as this may be explained iffs is large or there is some mechanism which causes the deficiency of heterozygotes such as maternal-fcetal incompatibility. If the former is the case, however, fs must be o1377, which is again unbelievably large. Further, the ABO maternal-fctal incompatibility as advocated by Matsunaga and Itoh (1958) has not been completely established (see Hiraizumi et al., 1963) .
Thus, the real cause of the high value of fr is not known at present. In this connection it may be noted that the simultaneous estimation of the three parameters is very much sensitive to various factors and with some types of blood group frequencies the maximum likelihood estimates do not approach any asymptote even if more than a hundred cycles of approximations are made (Nei and Imaizumi, unpublished) . At any rate, care must be exercised in using polymorphic traits to estimate the average inbreeding coefficient for many loci.
It has been shown that the differentiation of the ABO blood group gene frequencies in Japan has occurred largely at random, though there is a dine from north to south. This does not, of course, mean that the ABO blood group genes are neutral with respect to natural selection. The random differentiation of gene frequency may occur even under overdominant selection, if the effective population size is sufficiently small. The decreasing correlation of gene frequencies between localities with distance suggests that at least some part of the differentiation of gene frequencies has occurred by genetic random drift. On the other hand, the correlation of gene frequencies between localities for the MN blood groups did not decrease with increasing distance. This may be due to the small sample size and small number of Prefectures employed or the random geographical variation in selection intensity. If the latter is the case, of course, we cannot ascribe all the variation of the gene frequency to the small effective population size.
The dine of gene frequency in man has often been explained by the migration and intermarriage of different races. But it may arise also by the geographical differences in selection intensity with the diffusion effect of migration, as shown by Haldane (1948) and Fisher (195o) , although in the present case it seems reasonable to assume that, contrary to Haldane's or Fisher's model, the polymorphism is maintained primarily by a heterozygote advantage and the dine is caused by the gradient of selection intensity and migration within the population. Note that the recent investigations on the selective mechanisms of the ABO and MN blood groups indicates that these traits are never independent of natural selection (cf. Morton and Chung, i95; Chung and Morton, 1961; Chung et al., 1961; and others). In practice, however, it is difficult to distinguish between the two factors responsible for a dine, unless the history of the population is well known. In our case it appears, as mentioned previously, that only a small magnitude of migration has occurred between Japan and her surrounding countries at least for these 2000 years. Further, the populations surrounding the Japanese all have the ABO and MN blood group gene frequencies considerably different from those of the Japanese (cf. Tanaka, 1959) . These suggest that the dines observed for the ABO blood group gene frequencies have occurred by the geographical differences in selection intensity with the diffusion effect of migration. Since there are significant correlations between gene frequencies and latitude, the selection intensity may be primarily dependent on the temperature. This view is supported by further evidence, i.e. the negative correlations observed between p, q and r. If the dines of these gene frequencies are caused by migration and intermarriage, then the correlation of q and r should be positive, as will be seen from fig. io. Note that this type of dine is only transient and destined to disappear at equilibrium. On the other hand, if the geographical variation in selection intensity is responsible for the dines, together with the effect of random genetic drift, then all the correlations are expected to become negative, in so far as the difference in gene frequency between the two extremes is small as in the present data.
In conclusion it may be said that the Japanese population is not a single random mating population but divided into many small subpopulations or neighbourhoods in Wright's sense. The effective size 2. The geographical subdivision was made according to Prefecture (administrative unit of Japan) and gene frequencies were estimated for each Prefecture. Heterogeneity tests have shown that there is a significant differentiation of gene frequency among Prefectures both for the ABO and MN blood groups.
3. The degree of differentiation of gene frequency as measured by inbreeding coefficient is of the same order for all of the three alleles controlling the ABO blood groups. The inbreeding coefficient obtained from the covariation of gene frequencies is also of the same order. Further, the MN blood group gene frequency shows almost the same degree of Prefectural differentiation as those of the ABO blood group gene frequencies, though in this case the gene frequency is available only for 2 i Prefectures out of 45 in total because of the paucity of data.
4. Comparison of the observed and expected correlations between gene frequencies suggests that the differentiation of ABO blood group gene frequencies has occurred largely at random. The random differentiation of these gene frequencies is also suggested by the decrease of correlation of gene frequencies between localities or Prefectures with distance.
5. There is, however, a typical dine for the frequency of gene JA from north to south and a less typical dine for genes JB and JO It was suggested that the ABO polymorphism is primarily maintained by heterozygote advantage and these dines have occurred by a geographical gradient of selection intensity operating for the ABO blood groups together with the diffusion effect of migration within the population. Since there are significant correlations between gene frequencies and latitude, the selection intensity may be originally dependent on the temperature. 6 . There is no tendency of decrease with distance in the correlation of MN blood group gene frequencies between localities. This appears due to either the relatively small sample size for the MN blood groups or the random geographical variation of selection intensity.
The MN blood group gene frequency shows no such dine as is observed for the ABO blood group gene frequencies. 
APPENDIX SOURCE OF THE DATA EMPLOYED
In addition to the following papers the data obtained from 261 reports were employed in the present analysis, which are listed in Kobayashi's (5940) paper. All the following papers except Shigeno (1931) are written in Japanese and only a few have English title and summary. Therefore, many of the titles of the following papers were translated from Japanese into English, for which the authors are responsible.
1. AIZAWA, H. 5953. On the double redness in tuberculin skin test. II. Relationship between double redness and blood groups. Kekkaku, 28, 627.
